and Trisetum). Based on host specificity and minor differences in spore size and surface ornamentation, approximately 30 different taxa have been described in the U. striiformis species complex on various host plants (Vánky 2012 , Savchenko et al. 2014a . Ustilago serpens probably represents an overlooked species complex, occuring on five host genera: Agropyron, Brachypodium, Bromus, Elymus, and Leymus. Whether other species with large warts on their spores also belong to this complex, such as U. echinata and U. scrobiculata, is currently unclear.
INTRODUCTION
The term "stripe smut" is commonly used to refer to Ustilaginomycotina species that cause dark brown to black linear sori of varying length in the leaves of grasses (Poaceae). Black spore masses are released after the spores have matured beneath the epidermis in the mesophyll of the host leaves (Fischer 1953 , Vánky 2012 . The spore release process of sori is unknown, but may be facilitated either by the withering of dead epidermal cells or by enzymatic action, as in the white blister rusts (Heller & 2009) . Of the smut genera that infect grasses, Ustilago is the most prevalent (Stoll et al. 2003 , Vánky 2012 .
The term stripe smut does not reflect phylogenetic relatedness, as at least two other genera, Tilletia and Urocystis, contain species that manifest similar symptoms. (Vánky 2012) . Of these species, U. striiformis s. lat., with the type species described on Holcus lanatus, is a complex occurring on 164 species of Poaceae representing 44 different genera
I M A F U N G U S
The morphological difference was mainly in spore size and ornamentation. Savchenko et al. (2014a) provided a more detailed analysis of the U. striifomis species complex using several host-fungus combinations and phylogenetic reconstructions based on the nrITS and partial LSU regions. However, while two additional species were proposed as distinct in the U. striiformis-complex, the phylogenetic resolution was too low to draw further conclusions regarding host specificity and potential species boundaries. To resolve undescribed lineages within this species complex, Savchenko et al. (2014a) suggested that several additional gene loci and host-fungus combinations should be included. However, in line with Vánky (2012) , Savchenko et al. (2014a) suggested that it would be difficult to distinguish between these lineages based on morphological characters. DNAbased characteristics, such as diagnostic SNPs, along with host specificity might be a solution towards characterizing and describing previously-named and new species (Denchev et al. 2009 , Piątek et al. 2013 . The aim of this study was to use a multigene phylogeny to infer the phylogenetic differentiation in the leaf stripe smuts in the genus Ustilago, particularly those in the U. striiformis species complex.
MATERIAL AND METHODS

Plant and fungal material
Specimens used in the study are listed in Table 1 . The names of the hosts and fungi was derived from the latest version of The International Plant Names Index (www.ipni.org), Index Fungorum (www.indexfungorum.org/) and Vánky (2012) , and partly following a broad generic concept for Ustilago (Thines 2016) . A majority of the samples were collected in Germany (about 76) and most collections were not older than 20 years. Samples are deposited in Herbarium Senckenbergianum Görlitz (GLM). All host identifications were confirmed by ITS sequences.
DNA extraction and PCR
About 2-20 mg of infected plant tissue was taken from fungarium samples, placed in 2 mL plastic reaction tubes and homogenized in a mixer mill (MM2, Retsch) using a combination of three to five 1 mm and two 3 mm metal beads at 25 Hz for 5-10 min. Genomic DNA was extracted using the BioSprint 96 DNA Plant Kit (Qiagen, Hilden) loaded to a KingFisher Flex robot (Thermo Scientific, Dreieich).
The complete nrITS of all DNA extracts were amplified using PCR following the procedure of White et al. (1990) . The primer pairs M-ITS1 (Stoll et al. 2003 ) / ITS4 (White et al. 1990) or M-ITS1 / smITS-R1 (Kruse et al. 2017a) were used as the reverse and forward primers, respectively. For DNA samples from historic specimens, including type specimens, the Ustilaginaceae-optimised reverse primer ITS-US3R (5'TATCAAAACCCGGCAGGGAAG3'), located at the ITS2 region, was used.
The NL1 and NL4 primer pair (O'Donnell 1993) were used to amplify the Large Subunit (LSU) of the nrDNA with an annealing temperature of 53 °C. For other loci, the following regions were amplified with their respective primer pairs and annealing temperatures in brackets: myosin R0.5/F3 (55 °C), map R6/F2 (56 °C), rpl3 R1/F1 (53 °C), tif2 R3/F3 (53 °C), ssc1 R1/F2 (53 °C), sdh1 R3/F2 (53 °C), rpl4A R1/F4 (53 °C), and atp2 R4/F6 (53 °C) (Kruse et al. 2017b) .
The plant ITS was amplified using the primer pair ITS1P and ITS4 (Ridgway et al. 2003) at 53 °C annealing temperature. The cycling reaction was performed in a thermocycler (Eppendorf Mastercycler 96 vapo protect; Eppendorf, Hamburg) with an initial denaturation at 95 °C for 4 min, 36 PCR cycles of denaturation at 95 °C for 40 s, annealing between 53-56 °C (depending on the specific primer pair) for 40 s and elongation at 72 °C for 60 s, followed by a final elongation at 72 °C for 4 min. For DNA samples older than 50 years, PCR cycles were increased to 46 cycles and a larger amount of DNA (1.5 µL of extracted DNA in a reaction volume of 11 µL) was used. The resulting amplicons were sequenced at the Biodiversity and Climate Research Centre (BiK-F) laboratory using the abovementioned PCR primers. However, amplicons from M-ITS1/smITS-R1 were sequenced using the ITS4 reverse primer. The resulting sequences were deposited in GenBank (https://www.ncbi. nlm.nih.gov/genbank/, Table 1 ).
Alignments and phylogenetic tree reconstruction
We used 93 samples (including 62 of the Ustilago striiformis -complex) for the phylogenetic analysis; 93 had sequences from nrITS, atp2 (ATP synthase subunit 2) and ssc1 (member of the heat shock proteins), and 70 had additional sequences from myosin (myosin group I), map (methionine aminopeptidase), rpl3 (ribosomal protein L3), tif2 (initial translation factor of elF4A), sdh1 (succinate dehydrogenase ubiquinone flavoprotein), and rpl4A (ribosomal protein L4-A) ( Table 1) . About two thirds of the samples (62) belonged to the U. striiformis species complex. Sporisorium inopinatum (syn. Langdonia inopinata) was chosen as outgroup, according to the findings of McTaggart et al. (2012a) .
Alignments were made on individual loci using mafft v. 7 (Katoh & Standley 2013) using the G-INS-i algorithm. Both leading and trailing gaps of the alignments were removed manually. Two different sets of concatenated alignments for the phylogenetic constructions were generated. The first multigene-alignment includes three loci (ITS, atp2, and ssc1) from 93 smut samples. The resulting total alignment was 1502 bp (ITS: 643 bp, atp2: 595 bp, ssc1: 264 bp). The second multigene-alignment included nine genes with a final alignment of 3156 bp (ITS: 643 bp, atp2: 595 bp, ssc1 264 bp, map: 251 bp, myosin: 257 bp, rpl4A: 415 bp, rpl3: 218 bp, sdh1: 269 bp, tif2: 244 bp).
The diagnostic bases for the U. striiformis species complex for all gene markers were determined using the above mentioned alignments. One further ITS alignment was created (443 bp), with the sequence of the type specimen of U. bromina (Table 1) , the U. bromina sequences from GenBank (KF381006-8) and sequences from the same hostfungus-combination from this study, to check if all specimens were sequence-identical with the type collection of U. bromina on Bromus inermis (data not shown).
For phylogenetic tree constructions, Minimum Evolution (ME) analysis was done using Mega 6.06 (Tamura et al. 2013 ) with the Tamura-Nei substitution model and assuming complete deletion at 80 % cut-off with 1000 bootstrap replicates. All other parameters were set to default values. Maximum Likelihood (ML) analysis was done using RAxML (Stamatakis 2014) with parameters set to default values and Bayesian analysis was done using MrBayes 3.2 (Ronquist & Huelsenbeck 2003) running five times with model 6 (GTR) using four incrementally heated chains for 10 million generations, sampling every 1000 th tree discarding the first 30 % of the obtained trees, all other parameters were set to default on the TrEase webserver (http://www.thines-lab.senckenberg.de/trease).
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Bromus inermis
To account for potentially deviating evolutionary properties, the analysis in ME was done also on a partitioned concatenated dataset. As no supported differences within the topology of the trees were observed in comparison with the un-partitioned dataset, the other analyses were carried out without partitioning.
Morphological examination
For light microscopy, fungarium specimens (GLM-F107417, GLM-F105836, GLM-F107435, GLM-F107413, GLM-F047379, GLM-F105827) were transferred to 60 % lactic acid on a slide. Morphological examination was carried out using a Zeiss Imager M2 AX10 microscope (Carl Zeiss, Göttingen). Measurements of the spores were performed at x400. The measurements are reported as maxima and minima in parentheses, and the mean plus and minus the standard deviation of a number of measurements is given in parenthesis. The means are placed in italics.
RESULTS
Phylogenetic inference
The LSU sequence data were excluded from further analysis since sequences were identical for all members of the Ustilago striiformis species complex (data not shown). All other loci showed SNPs within the U. striiformis cluster. The diagnostic bases (SNPs) with their specific positions are given in Fig. 6 .
There were no supported conflicts in the topology of the trees of the single loci and the concatenated trees. Thus, the datasets were combined and used as concatenated for further analysis. The multigene tree based on nine different loci ( Fig. 1 ) showed strong to maximum support for a monophyly of the U. striiformis species complex. If multiple specimens from one host species were included, these grouped together with strong to maximum support, except for the clades corresponding to U. scaura s. lat. (ME 64, ML 63, BA 0.99), U. brizae (ME 63, ML 68, BA 0.99), and U. agrostidis-palustris (ME 71, ML 68, BA 0.99), which received weak to strong support ( Fig. 1) .
A phylogenetic reconstruction ( Fig. 2 ) with an additional 21 specimens but based on only half of the characters per specimen (ITS, atp2, and ssc1) revealed the same groups as the double-sized alignment, but expectedly with weaker statistical support. For example, the three weak to strongly supported lineages shown in Fig. 1 still grouped together, but with no or weak support (U. brizae -ME 64, ML -, BA 0.79; U. scaura s. lat. -ME -, ML -, BA 0.79; U. agrostidispalustris -no support), highlighting the importance of gene selection.
In the phylogenetic reconstruction based on fewer genes ( Fig. 2 ) additional specimens were included, which further supported the high degree of genetic differentiation in conjunction with the host species infected. Specimens from Festuca and Lolium grouped together with strong support, while the monophyly of the clade containing samples from Alopecurus species was unsupported to weakly supported (ME 64, ML -, BA -). Two monophyletic groups were absent from the tree with more loci (Fig. 1 ): one on Calamagrostis villosa and another on Arrhenatherum elatius. Both of these groups were highly supported (Calamagrostis: ME 76, ML 94, BA 0.99; Arrhenatherum: ME 92, ML 99, BA 1) in the tree based on fewer loci (Fig. 2) .
In both phylogenetic trees (Figs 1-2), U. cynodontis was inferred as the sister species to the whole U. striiformis species complex. To illustrate the relationships within this species complex further, two additional phylogenetic (ITS, myosin, map, rpl3, tif2, ssc1, sdh1, rpl4A, atp2) . Numbers on branches denote support in Minimum Evolution, Maximum Likelihood and Bayesian Analyses, in the respective order. Values below 55 % are denoted by '-'. The bar indicates the number of substitutions per site. ITS, myosin, map, rpl3, tif2, ssc1, sdh1, rpl4A, atp2) The resolution on the backbone was rather low, as highlighted also by the ambiguous placement of U. maydis, which was resolved as a sister group to the pathogens on the majority of panicoid hosts in the tree based on 9 loci ( Fig. 1 ) with moderate to maximum support, while being inferred as a sister to the clade containing the U. species complex as well as the U. nuda species group with lacking to maximum support in the tree based on three loci (Fig. 2) .
Morphology
The degree of overlap in morphological characteristics was too high in both species complexes to provide easily accessible characteristics for species delimitation (Fig. 5) . The individual measurements are included in the species descriptions below and summarized in Table 3 . 
TAXONOMY
Based on our phylogenetic analyses, the following nomenclature and taxonomic changes are proposed for leaf stripe smuts caused by species of Ustilago. The positions given for the diagnostic bases refer to specific positions in the alignments as highlighted in the alignment consensus sequences in Fig. 4 . Only selected synonyms are given here. For a complete synonymy reference should be made to Vánky (2012) 
Confirmed host: Deschampsia caespitosa.
Confirmed distribution: Austria and Finland.
Notes: Within the Ustilago striiformis species complex, U. airae-caespitosae can be distinguished from other species based on the host-specific occurrence on Deschampsia caespitosa. Furthermore, it differs in six diagnostic bases from all other species within the U. striiformis species complex included in this study -in the atp2 gene it has an A instead of a G at position 22 and 94, in the map gene there is a T instead of a C at position 227, in the myosin gene there is an A instead of a G at position 133, in the rpl3 gene a T instead of a C at position 199, and an A instead of a G at position 576 in the ITS region ( 
Confirmed host: Calamagrostis villosa.
Confirmed distribution: Czech Republic and Germany.
Notes: Within the U. striiformis species complex, U. corcontica can be distinguished from other species based on the hostspecific occurrence on Calamagrostis villosa. Furthermore, U. corcontica differs in one diagnostic bases from all other species within the U. striiformis species complex included in this study -in the atp2 gene there is an T instead of a C at position 535 (Table 2 , Fig. 6 ). Notes: This species shares one sequence motif (AACCCAAC) at positions 20-27 in the ITS region with other coarsely ornamented stripe smuts (U. serpens clade in Fig. 1) , and many SNPs which distinguish U. echinata from species of the U. striiformis-complex. Within the U. serpens-complex, U. echinata can be distinguished from other species based on its host-specific occurrence on Phalaris arundinacea (type host).
Whether the other hosts of a similar ecotype are infected by the same species could not be clarified in the current study, but the high degree of host specificity observed in Ustilago renders it possible that specimens from other host genera will have to be described as new species. Furthermore, U. echinata differs in eight diagnostic bases from all other species within the U. serpens species complex included in this study -in the atp2 gene there is a G instead of an A at position 85, in the map gene there is an A instead of a G at position 208, in the myosin gene there is a C instead of an A at position 141 and a T instead of a C at position 156, in the rpl3 gene there is a T instead of a C at position 91 and an A instead of a G at position 146, in the sdh1 gene there is an A instead of a G and at positions 58 and 256, and in the ITS locus there is a C instead of an A at position 19, a C instead of a T at position 38, an A instead of a gap at position 186 and 596 and a G instead of an A at positions 188 and 604 (Tab. 2, Fig. 6 ). Due to the generally narrow host specificity of smut fungi, it is conceivable that U. echinata will be revealed to be a species group.
Ustilago jagei J. Kruse & Thines, sp. nov. MycoBank MB819627 (Fig. 5A-B) Etymology: Named after mycologist Horst Jage from Kemberg (Germany), who has made significant contributions to the knowledge of phytopathogenic fungi and has enabled wellsampled phylogenetic investigations in various plant pathogens by his outstanding collections.
Diagnosis: Within the U. striiformis species complex, U. jagei can be distinguished from other species based on its hostspecific occurrence on Agrostis stolonifera s. lat. Furthermore, U. jagei differs in two diagnostic bases from all other species within the U. striiformis species complex included in this study -in the atp2 gene there is an A instead of a G at position 466 and in the gene rpl3 there is an A instead of a G at position 92 (Table 2, Fig. 6 ).
Type: Germany: Saxony-Anhalt: Dessau, Kühnauer Sea, southern shore east-southeast of Großkuhnau, wayside, on Agrostis stolonifera, 16 Sept. 2001, H. Jage (GLM-F047379 -holotype).
Description: Sori as long narrow streaks parallel to vascular bundles, mostly in the leaves, rarely ascending into the inflorescence, initially covered by the epidermis of the plants, which soon frays. Spore mass dark brown to almost black, powdery. Infection systemic, infected plants usually sterile. Spores globose to ovoid, (9.5-) 10.0-(av. 10.9) -11.5(-13.5) x (7.5-) 8.5-(av. 9.3)-10.0 (-11.5 ) µm, length/breadth ratio 1.04-(av. 1.24)-1.5, olive-brown, finely echinulate (Table 3 , Figs 3-4).
Confirmed hosts: Agrostis rupestris and A. stolonifera. Notes: It seems possible that U. jagei on Agrostis stolonifera s. lat. represents a species complex, and further investigations with more specimens and additional gene loci are needed to clarify this situation.
Ustilago kummeri J. Kruse & Thines, sp. nov. MycoBank MB819628 (Fig. 5I-J) Etymology: Named after the mycologist Volker Kummer from Potsdam (Germany), who has made significant contributions to the knowledge of phytopathogenic fungi and has enabled well-sampled phylogenetic investigations in various plant pathogens by his outstanding ability to recognise easily overlooked plant pathogens.
Diagnosis: Differs from species of the U. striiformis species complex in the larger spores and taller warts. Furthermore, U. kummeri shares one sequence motif at positions 20-27 (AACCCAAC) with other coarsely ornamented stripe smuts, and many SNPs distinguishing it from species of the U. striiformis species complex. Within the U. serpens-complex, U. kummeri can be distinguished from other species based on the host-specific occurrence on Bromus inermis. Furthermore, U. kummeri differs in two diagnostic bases from U. serpens on Elymus repens -in the ITS region there is an C instead of a G at position 260 and G instead of an A at position 629 (Table 2 Description: Sori as long, narrow streaks parallel to vascular bundles, mostly in the leaves, rarely ascending to the inflorescence, initially covered by the epidermis of the plants, which soon frays. Spore mass dark brown, powdery. Infection systemic, infected plants mostly sterile. Spores ovoid to globose, (11.0-) 12.0-(av. 13.0) -14.0 (-15.5) × (9.0-) 10.5-(av. 11.5) -12.0 (-13.5), length/breadth ratio 1.04-(av. 1.15) -1.41, olive-brown, coarsely verrucose to echinulate (Table  3 , Figs 5-6).
Confirmed host: Bromus inermis.
Confirmed distribution: Germany.
Notes: It seems likely that additional species will be discovered in the U. serpens clade once more stripe-smuts with coarse spore ornamentation will be scrutinised. Ciferri, Fl. Ital. Crypt., Par. I. Fungi, Fasc. 17: 345 (1938 Confirmed distribution: Germany.
Ustilago loliicola
Notes: Within the U. striiformis species complex, U. loliicola can be distinguished from other species based on the specific occurrence on the closely related hosts Festuca arundinacea s. lat. and Lolium perenne. Furthermore, U. loliicola differs in four diagnostic bases from all other species within the U. striiformis species complex included in this study -in the ssc1 locus there is an A instead of a G at positions 210, 214 and 231, and a T instead of a C at position 243 ( 
Confirmed host: Milium effusum.
Notes: Within the U. striiformis species complex, U. milii can be distinguished from other species based on the hostspecific occurrence on Milium effusum. Furthermore, U. milii differs in two diagnostic bases from all other species within the U. striiformis species complex included in this study -in the atp2 gene there is an A instead of a G at position 301, and in the ITS there is a T instead of a C at position 206 (Table  2 , Fig. 6 ).
Ustilago neocopinata J. Kruse & Thines, sp. nov. MycoBank MB819630 (Fig. 5E-F) Etymology: Highlights the unexpected finding that there are several distinct and host-specific species within the U. striiformis species complex.
Diagnosis: Within the U. striiformis species complex, U. neocopinata can be distinguished from other species based on the host-specific occurrence on Dactylis glomerata. Furthermore, U. neocopinata differs in five diagnostic bases from all other species within the U. striiformis species complex included in this study -in the ssc1 gene there is an A instead of a G at positions 69 and 198, in the rpl4A gene there is a T instead of a C at position 120, in the rpl3 gene there is an A instead of a G at position 40, and in the ITS region there is an A instead of a G at position 617 (Table 2 , Figs 5-6). 
on Calamagrostis arundinacea, as the host of U. deyeuxiae is given as "Deyeuxia arundinacea" by Guo (1993) , which is often seen as a synonym of D. pyramidalis in Asian literature (e.g. Shenglian et al. 2006 ). Thus, it seems possible that the species needs to be reconsidered as independent from U. scrobiculata once sequence data from the type specimen become available. 
Confirmed host: Elymus repens.
Confirmed distribution: Finland and Germany.
Notes:
The spores are small to medium sized, (11.5-) 13.0-(av. 13.5) -14.5 (-15.5) × (10.5-) 11.5 (av. 12.5) -13.0 (-14.0) µm, with a length/breadth ratio of 1.00-(av. 1.09)-1.23 and with coarsely verrucose ornamentation. This species shares one sequence motif with other coarsely ornamented stripe smuts (AACCCAAC at position 20-27), which distinguishes it from species of the U. striiformis species complex and many additional SNPs. Within the U. serpens-complex, U. serpens can be distinguished from other species based on four diagnostic bases: in the myosin gene there is an A instead of G at position 93, in rpl4A gene there is a T instead of a C at position 232 and in the ITS locus there is a C instead of a T at position 260, and a G instead of an A at position 629 (Table 2 , Fig. 6 ). Vánky (2012) lists several additional hosts for U. serpens. Due to the narrow specialization of stripe-smut revealed in this study, however, it seems likely that these harbour several distinct species. Until sequence data become available for these host-pathogen combinations, Ustilago on these other hosts is probably best referred to as U. serpens s. lat.
DISCUSSION
In this study, the closely related species of the Ustilago striiformis-complex and some other leaf stripe Ustilago smuts were investigated using multigene phylogenetic reconstructions to clarify their relationships. In total, 62 specimens of the U. striiformis species complex (incl. U. calamagrostidis) and four other leaf stripe smuts (U. echinata, U. filiformis, U. scrobiculata, and U. serpens s. lat.) were studied.
Phylogenetic analyses provided strong support for the polyphyly of the leaf-stripe smuts within Ustilago. However, the multilocus-based phylogenetic trees support the monophyly of the U. striiformis species complex, in contrast to the analysis by Savchenko et al. (2014a) , where it was concluded that the U. striiformis group was polyphyletic and the segregation of two species was necessary to render it monophyletic. That interpretation was mainly based on a combined LSU-ITS tree of U. striiformis species, where U. bromina and U. nunavutica were located outside the U. striiformis s. lat. clade. Because of this conflicting result, the ITS region of the type specimen of U. bromina was sequenced (Table 1 ) and compared with the deposited GenBank sequences of Savchenko et al. (2014a) . The type specimen of U. bromina on Bromus inermis had an ITS sequence nearly identical (except for a base exchange in a poly A/T region) with the other specimens identified as this species in the current study. It differed in nine bases compared to the three sequences labelled as U. bromina in Savchenko et al. (2014a) . It is conceivable that these specimens belong to another undescribed smut species (the three sequences were obtained from material from Israel and USA, while the type collection was from Germany), or the quality of the sequences was not optimal; almost all differences in the sequences from Savchenko et al. (2014a) in comparison to the sequences from this study were located behind a poly A/T site, which necessitated re-sequencing for several of the specimens used in this study. Furthermore, misidentification of the host plant seems also possible, as no records were found for the occurrence of Bromus inermis in the floras of Israel (http://flora.org.il/en/plants/) or Palestine (Feinbrun-Dothan 1986) .
Ustilago nunavutica was the second species that led Savchenko et al. (2014a) to assume that the U. striiformis species complex was polyphyletic. Comparing the ITS and LSU sequences of U. nunavutica with sequences from the current study, the LSU sequence used by Savchenko et al. (2014a) showed several SNPs (data not shown), while all other U. striiformis samples investigated in this study were identical in the LSU region. In contrast, the ITS sequence of U. nunavutica has only few SNPs in comparison to other members of the U. striiformis species complex and is identical with U. neocopinata. It seems possible that the LSU sequence of U. nunavutica either was of bad quality or shows the amplification of a contaminant smut fungus. However, as the genera Puccinellia and Dactylis are not closely related (Schneider et al. 2009 ) and very high host specificity has been revealed for the closely related species of the U. striiformis species complex in this study, it is unlikely that U. neocopinata and U. nunavutica are conspecific.
In agreement with Stoll et al. (2005) and Spooner & Legon (2006) , we found that U. calamagrostidis and U. corcontica belonged to the U. striiformis species complex. However, further resolution within the U. striiformis species complex was only achieved when the protein-coding loci introduced by Kruse et al. (2017b) were employed. The trees revealed a host genus or host species specific occurrence for almost all lineages within the U. striiformis species complex, thus they should be treated as distinct species, supported by the observations of Liro (1924) . All specimens from a single host species formed a clade according to the host species (or the host genus, in case of Holcus), with the exception of the rather closely related species Lolium perenne and Festuca arundinacea (Malik & Thomas 1966 , Catalán et al. 2004 , Hand et al. 2010 . As most of these clades received high to V O L U M E 9 · N O . 1 maximum support, they should be considered to represent distinct species, which can be distinguished based on the host and diagnostic SNPs (Fig. 6 ). For most of the 14 lineages of the U. striiformis species complex validly published names are available, necessitating the description of only two new species in this complex, U. neocopinata on Dactylis glomerata and U. jagei on Agrostis stolonifera s. lat. Vánky (2012) and Savchenko et al. (2014a) mentioned that different species on different hosts within this complex vary remarkably in spore shape, size, and ornamentation. However, morphological variation was observed to be high even within the same host species in the current study and also by Vánky (2012) . Thus it is difficult to distinguish these closely related species based on morphology, necessitating the consideration of hosts and SNPs for diagnosis. The host range of at least two species of Ustilago parasitic to Agrostis could not be inferred with certainty, as both ITS and chloroplast loci did not resolve closely related species in the A. stolonifera and A. gigantea clusters (Amundsen & Warnke 2012) .
While investigating synonymies of the U. striiformis species complex, it was found that the name U. salweyi is the correct name for the stripe smut on Holcus lanatus. Stevenson (1946) flagged U. salweyi as a "nomen ambiguum", although no action was taken to formally reject the name. Following the ICN (McNeill et al. 2012) , the name U. salweyi has priority over Uredo striiformis as it was published two years earlier (Berkeley & Broome 1850: 463) . Although the group generally referred to as the U. striiformis-group does not contain a species with that as the correct name, as it is still included as a synonym we feel that it is best to continue to use "U. striiformis-group" or "species complex" for these fungi as it is so well established and recalls the symptoms all species of the complex exhibit, although this feature is shared by some leaf-stripe smuts not belonging to this complex.
The species within the U. striiformis species complex have sometimes been recognised as special forms based on infection trials (Liro 1924 , Davis 1930 , 1935 , Fischer 1940 . However, it has been shown for various biotrophic pathogens that the special form concept, in which there is a population continuum with somewhat specialised forms, cannot be upheld (Göker et al. 2004 , Lutz et al. 2005 , Kemler et al. 2009 , Ploch et al. 2011 , Savchenko et al. 2014b , Choi & Thines 2015 .
Similar to the situation in the U. striiformis species complex, Ustilago serpens s. lat. on different hosts clustered in phylogenetically distinct subgroups. As the type host for U. serpens is Elymus repens, the collections from Bromus inermis warrants recognition as a new species. Ustilago serpens is another example illustrating the narrow host specialization among smut fungi. As for both the coarsely ornamented stripe-smuts (U. serpens clade) and the finely ornamented stripe smuts (U. striiformis clade) only a subset of the known hosts could be included in the current study. It is therefore conceivable that some older names published for specific host-pathogen combinations in these groups warrant recognition and several new species await discovery.
With respect to the global phylogeny of Ustilago it is noteworthy that even based on nine loci the backbone of the phylogenetic tree was only poorly resolved. Conflicting supported topologies were inferred with respect to the phylogenetic position of U. maydis in the reconstructions based on three (sister to a clade comprising, among others, the U. nuda and the U. salweyi clade) and nine loci (sister to a clade comprising the majority of smuts on panicoid grasses).
This highlights the high degree of uncertainty that there still is with respect to the global phylogeny of Ustilago s. lat. (Thines 2016) . Considering the diversity of anatomical characteristics and disease syndromes caused, many of which have arisen several times independently (such as the stripe-smut habit; McTaggart et al. 2012a, b, c) , any splitting of Ustilago s. lat. into smaller genera as suggested by McTaggart et al. (2012a McTaggart et al. ( , 2016 is probably premature and might become obsolete due to the high degree of parallel evolution and associated homoplasy.
